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Introduction: 
Heat shock proteins (HSPs) are a class of molecular chaperones which have been found 
in all but one species studied to date (Roberts et al., 1997). Molecular chaperones are proteins 
which bind to and stabilize unfolded polypeptides. This binding is necessary to prevent 
nonproductive protein-protein interactions and usually to help the unfolded polypeptide resume 
its native state. HSPs are classified by molecular weight. For example, a known HSP 
of70 kilodaltons (kD) is referred to as HSP 70. There are various size classes which have been 
identified, such as HSP 47, HSP 60, HSP 70, HSP 90, HSP 100 and HSP 104. 
The various types ofHSPs play distinct and crucial roles within the cell and are necessary 
for the maturation and survival of an organism (Craig et al., 1993). HSP 70 is highly conserved 
among all species from bacteria to humans (Craig and Lindquist, 1988). Under normal 
conditions within a cell, this ATP-dependent HSP is believed to assist in folding newly translated 
proteins, guiding proteins across organellar membranes, disassembling oligomeric protein 
structures and expediting proteolytic degradation of unstable proteins. These activities occur 
through the active domain ofHSP 70, which is ATP-regulated and allows for its association 
with short hydrophobic segments in substrate polypeptides (Flynn et al., 1991~ Hartl, 1996). The 
synthesis ofHSP 70 was first discovered as a reaction to increased stress on a organism (Bukau 
and Horwich, 1998). Due to the stabilizing effect HSPs have within a cell it is logical that the 
induction of their translation occurs at a greater rate under stressful conditions. 
Furthermore, HSP 60, also known as groEL, is composed of a double ring of amino acids 
which form two large central channels. This ATP-dependent protein aids a wide variety of newly 
synthesized proteins in reaching their native forms by binding to them and facilitating their 
folding inside either channel (Braig et al., 1993 ). HSP 90 is a multisububit protein which 
facilitates the conformational maturation of steroid hormone receptors and signal transducing 
kinases (Prodromou et al., 1997). HSP 100 is involved in the ATP-dependent disaggregation and 
unfolding of proteins for degradation (Levchenk:o et al., 1997; Schirmer et al., 1996). 
Interestingly, HSP 25 has been found to specifically help stabilize proteins during heat-shock 
(Ehmsperger et al., 1997; Lee et al., 1997). HSP 104 is a highly heat inducible protein. ft has 
been suggested that this protein regulates a protease, preventing aggregation of vital cellular 
structures during times of stress (Parsell et al., 1991). HSP 47, a unique protein found only in 
collagen producing cells, has a collagen-binding ability and is regulated by heat or other stresses 
(Kudo et al., 1994). Although there are a wide variety of HSPs which have discrete roles within 
the cell, they do have something in common: they all work as molecular chaperones to keep the 
cell and its proteins stable. Furthermore, they are often synthesized in response to stressful 
changes in the environment. Through altering the biochemical construction of the organism they 
reshape it so that it is more suitable for the existing conditions (Craig et al., 1993). 
Although extensive HSP research is well underway in a variety of organisms, HSP 
synthesis in Leptogorgia virgu!ata has not been examined. L. virgu!ata, of the phylum Cnidaria, 
is an octocoral (gorgonian) characterized by numerous collagc::n-containing, calcium carbonate 
spicules in the mesoglea (Kingsley et al., 1990). This organism lives in subtidal waters, such as 
off the coast of North Carolina. Since the organism lives in the ocean it is exposed to varying 
and at times extreme changes in the environment. These stressful conditions may include: 
seasonal change in thG temperahrrc of the water, variations in the salt concentration of the wa1€r, 
and elevation in levels of trace metals in the water (Nover, 1991). Furthennore, stress may be 
induced by wave action and variations in light intensity. Therefore, I examined HSP synthesis in 
L. virgulata, which had been collected in North Carolina and maintained in an aquarium at the 
university, in order to learn which specific HSPs are synthesized as a response to heat shock and 
in what order they are synthesized. 
Materials and Methods 1: Western Blots 
Note: A bold number in parenthesis implies the experiment in which the particular procedure was 
followed. 
The L. virgulata were maintained in an aquarium, salinity 33 ppt, at 15°C (1-3) or at 
22°C ( 4-6). The water bath was set to 30°C (1-3) or 37°C ( 4-6). Four, 7-9 cm branches were cut 
and placed in an oakridge tube containing sterilized sea water from the aquarium (30-35 ml), 
which had been pre-incubated in the water bath. The sample was placed in the water bath for 1 
hour ( 4) or 2 hours (1-3,5,6). At the· end of the heat shock period 4 more 7-9 cm branches were 
cut and both the heat shocked and the control branches were frozen (-80 °C, 10 min.) in plastic 
bags. The tissue was removed from the a.xis at room temperature (1,2) or on ice (3-6). The 
tissue was placed in an oakridge tube, incubated with 1 % SDS-0.6M DTT (350 ul) (1,2) or Ripa 
buffer (Sharp et al., 1994) (350 ul) (3), shaken for one hour at room temperature (1,2) or at 4°C (3) 
and transferred to a microfuge tube or the tissue was crushed on ice using a mortar and pestle 
while incubating in Ripa buffer (350 ul) and transferred to a microfuge tube ( 4-6). The tissue 
was centrifuged using the Sorvall SS-34 (15,000 rpm, 30 min., 4C) with adopters (1-3) or the 
Sorvall HB-4 (12,000 rpm, 30 min, 4C) (4-6). The supernatant was extracted and a Bradford 
Assay was performed. A mini SDS-PAGE gel (Laemmli) was run (total sample volume= 24 ul) 
containing either 12.1°/o acrylamide (1) or 10% acrylamide (2-6) (200V, 45 min.). Any 
remaining supernatant was stored in the -20°C freezer. Kaleidoscope standards (BIO RAD, 





The western blots performed in experiment 2, using anti-HSP 60 and anti-HSP 70 are shown 
below in Figures 2A and 2B, respectively. 
FIGURE 2A: THE ANTI-HSP 60 WESTERN BLOT PERFORMED IN EXPERIMENT 2: 
Lane A: Kaleidoscope marker 
Lane B: Heat shock 
Lane C: HSP 60 
Lane D: Control 
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FIGURE 2B: THE ANTI-HSP 70 WESTERN BLOT PERFORMED IN EXPERIMENT 2: 
Lane A: Control 
Lane B: HSP 70 
Lane C: Heat shock 
Lane D: Kaleidoscope marker ..... -~---·-
. ·v 
The western blots performed in experiment 3, using anti-HSP 60 and anti-HSP 47 are shown 
below in Figures 4A and 4B, respectively. 
FIGURE 3A: THE ANTI-HSP 60 WESTERN BLOT PERFORMED IN EXPER.IlvfENT 3: 
Lane A: Control 
Lane B: HSP 60 
Lane C: Heat shock 
Lane D: Kaleidoscope marker 
FIGURE 3B: THE ANTI-HSP 47 WESTERN BLOT PERFORMED IN EXPERIMENT 3: 
Lane A: Sigma marker 
Lane B: Heat shock 
Lane C: HSP 47 
Lane D: Control 
A D 
The western blots performed in experiment 4, using anti-HSP 70 and anti-HSP 90 are shown 
below in Figures 4A and 4B, respectively. 
FIGURE 4A: THE ANTI-HSP 70 WESTERN BLOT PERFORNIED IN EXPERIMENT 4: 
Lane A: Sigma marker 
Lane B: Control 
Lane C: HSP 70 
Lane D: Heat shock 
Lane E: Kaleidoscope marker 
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FIGURE 4B: THE ANTI-HSP 90 WESTERN BLOT PERFORMED IN EXPERIMENT 4: 
Lane A Sigma marker 
Lane B: Control 
Lane C: Heat Shock 
Lane D: HSP 90 
Lane E: Kaleidoscope marker 
B C D 
The western blots performed in experiment 5, using anti-HSP 47 and anti-HSP 90 are shown 
below in Figures 5A and 5B, respectively. 
FIGURE SA: THE ANTI-HSP 47 WESTERN BLOT PERFORMED IN EXPERIMENT 5: 
Lane A: Kaleidoscope marker 
Lane B: Heat shock 
Lane C: HSP 47 
Lane D: Control 
Lane E: Sigma marker 
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FIGURE 5B: THE ANTI-HSP 90 WESTERN BLOT PERFORMED IN EXPERilvlliNT 5: 
Lane A: Sigma marker 
Lane B: HSP 90 
Lane C: Heat shock 
Lane D: Control 
Lane E: Kaleidoscope marker 
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The western blot performed in experiment 6, using anti-HSP 90 is shown below in Figure 6. 
FIGURE 6: THE ANTI-HSP 90 WESTERN BLOT PERFORMED IN EXPERIMENT 6: 
Lane A: Heat shock 
Lane B: HSP 90 
Lane C: Control 
Lane D: Kaleidoscope marker 
------
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The data obtained from the Bradford Assay (ug/ul), TCA ppt. (cpmlul), and the calculation of 
specific activity ( cpm/ug protein) are shown below in Table 2 (See Materials and Methods 2). 
Table 2: ~RESULTS FROM THE BRADFORD ASSAY, TCA PPT.. AND CALCULATION 
OF SPECIFIC ACTIVTTY PERFORMED IN EXPERIEMENTS 7-10: 
Experiment Hours Bradford assay TCA ppt. Specific Activity 
of HS (ug/ul) (cpm/lane) (cpm/ug) 
c HS c HS c HS 
mini 7 2 3.73 5.35 6078 1979 1620 370 
mini 8 1 3.82 2.91 2563 1327 671 456 
maxi 9A 2 1.87 0.95 6,010 2808 3214 2956 
maxi 9B 1 2.14 1.59 2234 1398 1044 879 
maxi lOA 4 12.2 6.91 10,864 1117 890 17 
maxi lOB 1 2.14 1.59 2443 1224 1044 879 
The results from the autoradiography performed in experiments 7-10 is shown below in Table 3 
(See Material and Methods 2). 
Table 3: THE RESULTS FROM (35S)-LABELED PROTEIN SYNTHESIS 
PERFORMED IN EXPERIMENTS 7-10: 
Experiment Hours Cpm/ lane Proteins in Control HSPs in Heat Shock 
of HS Lane (Da) Lane (Da) 
.. 7 2 29,685 98,949 69,204 90,613 Illlill 
.. 8 1 19,908 93,741 73,742 nuru 
57,034 
maxi 9A 2 50,000 101,917 90,774 98,243 
67,482 62,001 
57,287 
maxI 9B 1 50,000 105,420 101,917 105,430 
99,640 56,849 
maxi lOA 4 50,000 99,278 88,137 106,627 
56,367 
maxi lOB 1 50,000 99,278 73,823 102,209 
60,380 56,367 
* Count per minute is abbrev1ated Cpm, heat shock is abbreviated HS and contrnl 
is abbreviated C. 
42,885 
59,447 
88,746 
56,643 
55 ,849 
99,278 
88,137 
88,605 
56,367 
The film which was developed by autoradiography in experiment 7, containing 2 hour heat 
shock and control samples, is shown below in Figure 7. 
FIGURE 7: TIIB AUTORADIOGRAM FROM EXPERIMENT 7: 
M = 14C-H Marker 
C2 = 2 Hour Control 
HS2 = 2 Hour heat shock 
The film which was developed by autoradiography in experiment 8, containing 1 hour heat 
shock and control samples, is shown below in Figure 8. 
FIGURE 8: THE AUTORADIOGRAM FROM EXPERIMENT 8: 
M = 14C-H Marker 
Cl = 1 Hour Control 
HS 1 = 1 Hour heat shock 
H C, \ 
~u. P. R. ~i3 
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The film which was developed by autoradiography in experiment 9, containing l and 2 hour heat 
shock and 1 and 2 hour control samples, is shown below in Figure 9. 
FIGURE 9: THE AUTORADIOGRAM FROM EXPER.IlvfENT 9: 
KEY 
HS2 = 2 Hour heat shock 
C2 = 2 Hour control 
M = 14C-H Marker 
H 1 = 1 Hour heat shock 
Cl= 1 Hour control 
The film which was developed by autoradiography in experiment l 0, containing 1 and 4 hour 
heat shock and 1and4 hour control samples, is shown below in Figure 10. 
FIGURE 10: THE AUTORADIOGRAM FROM EXPERIMENT 10: 
KEY 
HS4 = 4 Hour heat shock 
C4 = 4 Hour control 
M = 14C-H Marker 
Hl = I Hour heat shock 
Cl= 1 Hour control 
Discussion: 
I expected to see HSP 47 synthesis occurring in the corals because they contain collagen 
(see introduction). However, the results from experiment 8, 9, and 10 all show that no HSP 47 is 
synthesized during one, two, or four hours of heat shock or control treatment (See Table 3). 
Although, in experiment 7 I calculated a protein of 43 kDa in the heat shock lane which I 
believed might be HSP 47 (See Table 3). However, in light of the results that followed it 
appears that the 43 kDa protein was actually not HSP 47. Interestingly, the anti-HSP 47 western 
blots performed in experiments 1,3, and 5 displayed faint yet visible bands ofHSP 47. This may 
be representative of a low basal level present in the organism at all times which is not influenced 
by heat shock. It is likely that the synthesis of HSP 4 7 is not induced by the stressful 
environment which was pr.oduced in this experiment but may be induced by other unknown 
factors. 
On the other hand, the anti-HSP 60 western blots performed in experiments 1,2, and 3 
clearly showed the presence ofHSP 60 (see Table 1). However, only experiment 3 (2 hour 
treatment), like experiments 7-10, was performed at the 22°C to 37°C range. In experiment 9A 
and 9B, HSP 60 candidates were synthesized during the the two hour control (62 kDa, 57 kDa), 
the one hour control (57 kDa), the two hour heat shock (57 kDa), and the one hour heat shock 
(56 kDa) periods (see Table 3). The results from experiment 8 and IOB supported this data, with 
a 57 kDa protein in the experiment 8 control lanes, along with a 56 kDa and 60 kDa protein in 
the experiment IOB control lanes (see Table 3). Furthermore, the results from experiment 8 and 
1 OB also showed a 59 kDa protein and a 56 kDa protein, respectively, in the heat shock lanes 
(see Table 2). However, contrary to the findings in experiment 9A, the results from experiment 
7 showed that no HSP 60 was synthesized (see Table 3). Furthermore, the results from 
experiment lOA showed a 56 kDa protein in the control lane, but no HSP 60 candidates in the 
heat shock lane (see Table 3). However, the lanes containing the four hour heat shock samples 
did not come out as dark as the rest of the autoradiogram, therefore the protein may have been 
present but not detectable (See Figure 10). It is difficult to draw concrete conclusions from this 
data, but it appears that HSP 60 is synthesized during the first hour of treatment after which it 
may be broken down. Although it may seem peculiar that the control samples are almost always 
synthesizing the same proteins as the heat shock samples, it is likely that the control samples are 
undergoing stress as well. Therefore, the synthesis of HSP 60 may be induced by factors other 
than heat shock. 
Furthermore, the anti-HSP 70 used in experiment 2 (15 °C to 30°C range) detected HSP 
70 (see Table 1). Interestingly, the band in the control lane is darker than the band in the heat 
shock lane (See Figure 2B). However, the antibody did not detect HSP 70 in experiment 3 (2 
hour treatment) which, like experiments 7-10, was performed at the 22 °C to 37°C range (see 
Table 1). In experiments 7-10 no HSP 70 candidates were found in the heat shock lanes. 
However, in experiments 7, 8, 9A, and lOB the control lanes contain 69 kDa, 74 kDa, 67 kDa, 
and 74 kDa proteins, respectively, which may be HSP 70 (see Table 3). Therefore, it appears 
that HSP 70 is not synthesized as a result of heat shock. Although the controls are not being heat 
shocked, they may be experiencing a different type of stress which causes the synthesis of HSP 
70. Moreover, in experiment 2, performed at a different temperature range, we saw a greater 
amount of HSP 70 in the control sample than in the heat shock sample. 
Another interesting factor is that the anti-HSP 90 western blots which were performed in 
experiments 4 and 5 showed bands which were faint (See Table 1, Figures 4B and 5B) These 2 
particular western blots were performed using cell lysate which had been stored in the freezer 
and defrosted several times, therefore, the results my not be accurate. In experiment 6, fresh cell 
lysate was used but, no HSP 90 was detected by the antibody (see Table 1, Figure 6). However, 
in experiment 8 there was a 94 kDa protein in the control lane but, no HSP 90 candidates were 
seen in the control lanes of experiments 9B and 1 OB (see Table 3). Therefore, it is possible that 
the 94 kDA protein was not actually HSP 90. Additionally, in experiment 9B, no HSP 90 
candidates were seen in the heat shock lane, nor were they seen in the experiment 8 heat shock 
lane. However, in experiment lOB there was a 89 kDa protein in the heat shock lane (see Table 
3). In experiments 7 and 9A there was a 91 kDa protein and a 89 kDa protein, respectively, in 
the heat shock lanes. However, only in experiment 9A was their a possible HSP 90 in the control 
lane, which was found to be 91 kDa (see Table 3). Furthermore, in experiment IOA both the 
control and heat shock samples contained a 88 kDa protein (see Table 3). Once again it is 
impossible to draw concrete conclusions however, it appears that HSP 90 may be made during 
the second hour of heat shock treatment. It is also possible that while the controls are not 
undergoing heat shock, they are still under stress and this is why we may see the synthesis of 
HSP 90. 
Although western blots were not performed to test for HSP 100 and HSP 104, I have 
found through autoradiography that proteins of these molecular weights are most likely being 
synthesized. They may represent heat shock proteins. In experiments 9 and lOB, a 100 kDa and 
a 99 kDa protein were found, respectively, only in the control samples (see Table 3). However, 
no HSP 100 candidates were found in experiment 8 samples (see Table 3). In experiment 9A a 
protein of 102 kDa was found in the control lane and a 98 kDa protein was found in the heat 
shock lane. However, in experiment 7, a 99 kDa protein was found only in the control lane (see 
Table 3). In experiment 1 OA a 99 kDa protein was found in both the control and heat shock 
lanes (see Table 3). From these results it appears that HSP 100 synthesis may be induced by heat 
shock after at least one hour. Due to the fact that HSP 100 is believed to be involved in the 
disaggregation and unfolding of proteins for degradation (see Introduction) it seems reasonable 
that it is found in both control and heat shock samples which have been under stress for 4 hours. 
Furthermore, since most of the control samples contain HSP 100 it seems that transcription of 
HSP 100 can be caused by unkno'Wll factors, apart from heat shock. 
Lastly, HSP 104 was not found in experiments 7, 8, or 9A (see Table 3). However, in 
experiments 9B, 1 OA, and 1 OB there was a 105 kDa, 106 kDa, and a 103 kDa protein, 
respectively, in the heat shock lanes. Also in 9B, there was a 105 kDa protein in the control 
lanes (see Table 3). Therefore, it appears that the synthesis of HSP 104 is induced during the 
first hour of heat shock. This agrees with the notion that HSP 104 is a highly heat inducible 
protein (see Introduction). 
In conclusion, it appears that HSPs are being synthesized by L. virgulata. It seems that 
HSP 47 and 70 are not induced by heat shock. HSP 47 appears to be at a very low level in the 
cell and the factor which induces transcription of this protein was not found within the heat 
shock or the control environments of this experiment. Furthermore, HSP 70 appears to be 
induced by some stress in the control environment but not in the heat shock environment. HSP 
60 appears to be induced by heat shock, however it also appears to be induced by the stress of 
the control environment. Synthesis ofHSP 90 and HSP 100 appear to be induced after at least 
one hour of heat shock. They also appear to be induced by some stress felt in the control 
environment. On the other hand, HSP 104 appears to be a highly heat inducible protein which is 
synthesized during the first hour of heat shock. The synthesis of HSP 104 also appears to be 
induced by same stress felt with in the control environment. 
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